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INTRODUCTION
Prematurity has been one of the leading
causes of death in early childhood and an important
risk factor for children’s developmental problems¹.
Follow-up services are formed by multidisciplinary
teams that carry out systematic monitoring of
infants born at risk in order to identify and intervene
in problems that may impair their growth and
development². The follow-up of preterm infants
should be performed through standardized and
reliable assessment instruments2,3.
The correction of chronological age for
prematurity has been commonly used to a more
realistic characterization of the development of the
preterm infants. According to Blasco4, such
correction should be carried out from birth to 24
months post-term by subtracting the number of
weeks of pregnancy from the total of 40 weeks,
which is considered a full-term birth by the World
DOI: http://dx.doi.org/10.7322/jhgd.103020
Health Organization. The difference is then
subtracted from the infant’s chronological age.
Correction of gestational age was used for
many years to assess the development of infants
born preterm the same way weight and height
development was assessed4-6. However, scientific
advances in this area has shown that prematurity
is not the only risk factor to blame for delays on
the rate of motor skill acquisition among infants,
since variables such as health complications at birth,
maternal practices and environmental conditions are
also factors associated with short- and long- term
outcomes³.
By correcting the gestational age during the
first two years of age, it is expected that the
sequence of development in preterm infants become
similar to that in full-term infants (37-42 weeks of
gestational age). However, studies comparing the
development of preterm and full-term infants
showed that preterm infants show an uneven
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Abstract
Objective: To compare the global and motor development of infants born preterm, regarding the
performance in the chronological age and corrected age for prematurity. Methods: This is a cross-
sectional study. The sample was comprised of 182 preterm infants (< 37 weeks of gestational age)
and low birth weight (< 2,500 grams) belonging to the following age groups: 2-4 months (n = 182),
4-6 months (n = 146), and 6-8 months (n = 112). The global development was assessed through
the Denver-II test in the three age groups, and the motor development was assessed through the
Test of Infant Motor Performance in 2-4 months group and the Alberta Infant Motor Scale in 4-6 and
6-8 months group. The infants‘ performance classifications in the chronological and corrected ages
were compared through the McNemar’s test. Results: The global and motor development was delayed
in 75% to 91% of the infants, regarding the chronological age in all three age groups. Otherwise,
concerning the corrected age for prematurity, the delayed performance was detected in 33% to
51% of the infants in all three age groups (p < 0.001). Conclusion: The development assessments
taking on the chronological age could overestimate risks and problems in the first year of age.
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pattern of development, which is not always delayed
when compared to that of children born at term7-10.
Although routinely adopted, age correction
for prematurity is still a matter of controversy in
the literature. Classic studies4-6,11on this subject date
back from many years ago and do not consider
whether there are different forms of age correction
according to the areas of children’s development
and until what age the correction should be done,
such as in gross motor development, which seems
to be more influenced by gestational age, whereas
fine motor development seems to result from the
interaction of maturational/biological factors and
environmental factors12.
In order to contribute to the discussion about
age limit for correction, another study analyzed the
motor development of low-risk preterm infants up
to 12 months of age¹³. The authors found the need
for age correction of preterm babies in the first year
of life regardless of gestational age, and that there
would be no need for correction for prematurity from
13 months of corrected age¹³.
The most accepted assumption nowadays is
that preterm infants evaluated considering the
corrected age may show the same skill level of full-
term infants in gross motor development between
eight and 12 months of age14. But when using
chronological age, the motor development of
preterm infants with low risk of neurological
disorders is underestimated, leading to a false-
negative diagnosis of motor development delay13.
A systematic review of the literature15 showed
that further studies were still needed to assess
corrected age when considering the use of
standardized tests in their latest versions. As far as
we know, new studies dated from the last five years
regarding the comparison of development of
preterm infants in chronological and corrected ages
have not been found. In this sense, this issue still
seems to need to be further investigated.
Given this gap in the literature, this paper
contributes to the update of the subject, in addition
to addressing global and motor development
through several different assessment tools in the
first year of post-natal age.
The aim of the study was to compare global
and motor development indicators of preterm
infants in the first post-natal year, taking into
account the performance of children in the
chronological age and in the corrected age for
prematurity.
METHODS
This is a cross-sectional study based on intra-
group comparison analysis (classification of motor
development: chronological age versus corrected
age).
The total sample consisted of 182 newborns
born preterm (gestational age less than 37 weeks)
and with low birth weight (less than 2,500 grams),
assessed during their first year of life. They were
born at Materno Infantil Hospital in Goiânia (GO),
Brazil, from 2004 to 2007. Newborns without
congenital abnormalities were included as well as
those who were clinically stable on the first day of
assessment. Of twins, only one was randomly
included. From 275 children of the initial sample
who met the inclusion criteria, nine twins were
excluded, 18 children became clinically unstable,
32 mothers were discharged without signing the
informed consent form, and 34 mothers refused to
participate in the study.
The initial sample of 182 infants was assessed
in three separate age groups (sub-samples): at 2-
4 months, all the babies were assessed (n=182),
at 4-6 months (n=146), and at 6- 8 months (n=112)
of chronological age. It can be observed that some
infants were included in more than one age group
and that each group did not have exactly the same
infants, since some were lost during the follow-up
and others attended only at the initial assessment
and at the third evaluation.
The infants were evaluated by the following
instruments:
a) Denver Developmental Screening Test
(DDST-II)16; Brazilian version17. The DDST-II is a test
for screening developmental problems in children.
It can be used in children from birth to six years of
age. The test consists of 125 items and assesses
child’s development in four general areas: personal-
social, language, fine motor and gross motor. Some
items are applied by asking the child to perform
specific tasks. Others consider parent/guardian
report about the child’s performance. Inter-raters
and test-retest reliability is e” 0.7516. The test
performance is ranked as “normal” or as “at risk for
developmental delay”. In the present study, we
considered the overall performance of the child in
DDST-II considering the responses in the four
domains assessed and for the 2-8 months of age.
 b) Test of Infant Motor Performance (TIMP)18.
The TIMP is a standardized test that assesses
postural and selective control of movement needed
for functional motor performance in infants, validity
from 34 weeks’ post-conceptional age to four
months post-term is of 0.83 and 0.85 for motor
development and clinical risk19, respectively. The
predictive validity of TIMP for motor performance
on the Alberta Infant Motor Scale (AIMS) at 12
months is 0.8820. Total scores are graded according
to the mean and standard deviation (SD) of the
standardization sample of the test. In the present
study, we adopted the following classification:
normal motor development (score between 1 SD
above and below the mean) and abnormal (score
lower than 1 SD below the mean).
c) Alberta Infant Motor Scale (AIMS). The
AIMS evaluates the weight bearing, posture and
antigravity movements in the gross motor
development in infants up to 18 months of age.
Previous studies showed that this instrument can
be applied to samples with various clinical
characteristics7, 22, besides showing an inter-
observer agreement of > 0.96 and test-retest
reliability ranging from 0.86 to 0.9923. Concurrent
validity (8-13 months) with other standard motor
assessments (such as Bayley Scales) ranges from
0.84 to 0.9924,25. The sensitivity ranges from 76%
to 86%, whereas the specificity ranges from 82%
to 93%, depending on the age of the infant (4 to 8
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months) and the 10th percentile was established as
the cutoff point for developmental delay24, 25. The
score for each position (prone, supine, sitting and
standing) is summed to the final score. The latter
is inserted into the normative chart for the
classification of the percentile score according to
the infant’s age. In this study, infants’ motor
performance was divided into two categories:
normal (percentile > 10) and abnormal (percentile
d” 10).
d) Clinical Record. Infants’ health history,
including neonatal data (admission, birth weight,
gestational age, length of stay, Apgar score in the
fifth minute and results of cranial ultrasound
examinations) was recorded in the medical records.
The results of the ultrasound examinations were
rated as normal (no detectable brain lesions) and
abnormal (with brain lesions, such as
intraventricular hemorrhage and periventricular
leukomalacia).
e) Clinical Risk Index for Babies-II (CRIB-II).
Neonatal clinical risk within the first 12 postnatal
hours was assessed by CRIB-II, which results in a
score of 0 (zero) to 27. The higher the score, the
worst the neonatal clinical condition26.
As for data collection procedures, the total
sample of 182 infants was assessed, and data
collection was performed in three independent age
groups, i.e., in three sections according to age
group: at 2-4 months (n = 182), at 4-6 months (n
= 146) and at 6-8 months (n = 112) of corrected
age. DDST-II was administered in all three age
groups. The TIMP was applied only in the 2-4 months
group. The AIMS assessment was performed in the
groups of infants aged 6-8 months and 4-6 months.
The children’s assessments were made during a
medical appointment and lasted about 40 minutes.
The infants were fed at the maximum up until one
hour before the examination.
The team was formed by eight trained
physical therapists and was supervised by the first
author. All the assessments were recorded with a
Sony HC-40 digital camera. At each appointment,
two examiners of the team carried out the
assessment of the children. One of them carried
out test procedures with the children and the other
recorded it digitally. The medical records were
reviewed to obtain health history information about
the children.
Two other independent and blind evaluators
of the team analyzed the video recordings and
recorded the performances of the infants,
considering both corrected age and chronological
age when analyzing test results. The rates of
agreement among evaluators were obtained for all
instruments using the following equation:
Agreement / (Agreement + Disagreement) X 100.
The results were as follows: 90% for DDST-II, 80%
for TIMP and 81% for the AIMS.
Descriptive statistical analysis included the
calculation of the mean, standard deviation and
range of variation for continuous variables, and
frequencies and percentages for categorical
variables. Comparisons between the performance
ratings of infants in the DDST-II, TIMP and AIMS
were carried out by using the McNemar’s test. So,
for every age group, the classification of
development (risk/ abnormal versus normal) was
analyzed with respect to the age (chronological age
versus corrected age) of each child (paired). The
Statistical Package for Social Sciences (SPSS,
version 19.0, Chicago , Il, USA) was used for data
analysis. The significance level of 5% was used.
The study was approved by the Research
Ethics Committee of the General Hospital in Goiânia-
GO (protocol number 73/2004). The parents signed
the free informed consent form.
RESULTS
Table 1 shows the characteristics of the
children in the study. It is observed that the sample
consisted mostly of male children who were born
with mean gestational age of 32 weeks and five
days and low birth weight (an average weight of
1,645 grams), and stayed in hospital after birth for
about a month in average.
Figure 1 shows the comparison of children’s
global development according to their performance
in the corrected age and in the chronological age.
When the corrected age was considered, global
development of 33-51% of the children was
classified as at risk according to the DDST-II in the
three age groups. On the other hand, when
assessment is made based on chronological age,
the risk for overall developmental delay increased
significantly to 75-91% in the three age groups (p
< 0.001 in all comparisons).
The comparison of children’s motor
development considering chronological age and
corrected age is in Figure 2. When analyzing the
performance of children in corrected age, the motor
development of 36-48% of the sample was classified
as abnormal in the three age groups. When
considering chronological age, the rate of changes
in motor development increased significantly to 71-
88% in the three age groups (p < 0.001 in all
comparisons).
DISCUSSION
This study analyzed global and motor
development of infants born preterm comparing
their performance according to their chronological
and corrected ages. The infants studied are
considered as “at risk” for developmental problems
due to the presence, besides prematurity, of other
risk factors such as low birth weight, abnormalities
detected in cranial ultrasound examinations and the
use of mechanical ventilation at birth.
The results showed that the percentage of
infants with global and motor developmental delays
increased significantly when considering their
performance according to chronological age when
compared to corrected age. In this sense, it could
be found in the at-risk sample of the present study
that not correcting the child’s age at the time of
assessment may overestimate risks that are not in
fact problems in children’s development. These
findings suggest that correcting age is the best way
to assess the actual performance of at risk preterm
infants.
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The results of this study are consistent with
previous studies6,9,13,27-29.  Regarding the
assessments of gross motor skills, Zaniniet al. 9
investigated the period of sitting, crawling and
walking acquisitions in 46 preterm and full-term
infants using the AIMS and found that 20% of
premature infants needed to be sent to physical
therapy once they showed significant delays.
Restiffe and  Gherpelli’s ¹³ study compared the
motor development of preterm infants up to 12
months of age by using chronological and
corrected ages. The research of Albuquerque et
al. 29 analyzed visual motor development in the
first month of age using the “Assessment Method
of Infant Visual Behavior” according to
chronological and corrected ages. The findings of
this study, in accordance with those previous
studies, confirm the need to consider corrected
age in the first year of age, once this period is
essential for the acquisition of motor skills.
Figure 1: Global development classification in infants
assessed according to DDST-II, as per chronological age
(CA) and corrected age (CoA), Goiânia-GO, 2004-2007.
* p < 0,001 - comparison CA versus CoA.
Figure 2: Motor development classification in infants
assessed according to TIMP in the 2-4 months (n = 182)
and to AIMS in the 4-6 months (n = 146) and 6-8 months
(n = 112) age groups, as per chronological age (CA) and
corrected age (CoA), Goiânia-GO, 2004-2007.
* p < 0,001 - comparison CA versus CoA.
Table 1: Characteristics of the infants of the study sample (n=182), Goiânia-GO, 2004-2007
Characteristics Values
Delivery - n (%)
Vaginal 92 (50.54)
Cesarean 90 (49.46)
Gender - n (%)
Female 78 (42.85)
Male 104 (57.15)
Birth weight (in grams)
Mean (SD) 1.645 (±424)
Range 580 - 2.495
Gestational age (in weeks)
Mean (SD) 32.7 (±2.2)
Range 24 – 36
Apgar score in the 5th minute
< 7 19 (10.4)
> 7 169 (89.6)
Clinical Risk Index for Babies-II (CRIB-II)
Mean (SD) 1.7 (±2.5)
Range 0 – 15
Neonatal cranial ultrasound - n (%)
Normal 132 (72.53)
Abnormal* 50 (27.47)
Retinopathy of prematurity - n (%) 5 (2.74)
Hearing impairment - n (%) 3 (1.64)
Mechanical ventilation - n (%) 30 (16.48)
Length of hospital stay (days)
Mean (SD) 32.6 (±25.2)
Range 1 – 155
Note:n (number of participants); % (percentage); SD (standard deviation).
* Abnormal cranial ultrasound results included 26 newborns with intraventricular hemorrhage, 19
had periventricular leukomalacia and 5 had ventricular dilatation.
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 In contrast, some studies disagree with the
results of this research, once they do not consider
necessary to correct the age for motor development
of preterm infants in the first four months10 and at
two years of age8. However, the age groups of those
studies are not the same age groups of this study,
and preterm infants are low-risk (gestational age
31-36 weeks, classified as adequate weight for
gestational age [AGA] and Apgar score > 7 at the
fifth minute)10. In addition, in both studies the
reference sample consisting of full-term was used,
whereas in the present study preterm infant
performance was compared by using both ages.
Another distinguishing feature of this study
is to use both a screening instrument (DDST-II)
and a test and assessment scale of infant motor
development (TIMP and AIMS) in the first year of
the infant’s life. The literature suggests that the
appl icat ion of standardized and rel iable
assessment instruments minimizes the chance of
misdiagnosis and offers the examiner the tools
to monitor the development of preterm infant in
the long term16-25.
By only using the infant’s chronological age
without performing the age correction for
prematurity puts full-term and preterm infants
within the same level of development and, as it
was stated in this study, premature birth is
accompanied by a number of other adversities, in
addition to being born ahead of schedule, such as:
health problems, prolonged hospital stay, need for
ventilatory support, neurosensory (visual or
auditory) impairments, among others, which can
compromise development1, 30-32.
In the present study, although the
development of the child was assessed up to eight
months of corrected age, it is observed that in the
first year of life it is necessary to correct the age of
the preterm infant. Based on the literature studied,
such correction does not seem to be necessary when
the chronological age of the infant is close to 18
months. However, professionals should also consider
some other factors involved in the assessment
process, such as prematurity level (extreme,
moderate or late), birth weight, neonatal clinical
risk, presence or absence of lesions in the cranial
ultrasound examination and time of hospital stay.
These factors can increase the chance of
developmental problems in infants3, 32.
It is noteworthy that measures of prevention
and health promotion are priorities in public health
programs and health policies. The approach to
disease prevention in child development is not out
of this strategy, which aims professional qualification
within groups at risk and greater efficiency of health
services. Health strategies also depend on social
and economic measures to thrive33, 34.
A practical recommendation for the
monitoring of infants at risk of developmental delay
or deviation is to analyze their performance
considering their age and medical history. In some
cases, only the informational support for caregivers
on how to promote children’s healthy development
and provide a stimulating environment can minimize
delays. If delays or abnormalities are discovered, it
is recommended to seek skilled health professionals,
who should analyze how delayed development is,
as well as check if the child is following the expected
growth curve, and whether the family is
demonstrating competence in taking care of the
child or not and, if necessary, refer the child to a
specialized intervention service35, 36.
Therefore, it is advisable to correct the age
of infants born preterm, especially with regard to
their first year of life. Thus, each professional must
apply the age correction rule according to the
specificity of his practice field and considering the
child’s health history and family background.
As limitations of the study, we can mention
that longitudinal design is not shown and that
children in the age-groups above 12 months of age
were not assessed. Therefore, there was no
comparison between those and the results obtained.
These aspects can be addressed in future studies.
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(n = 146) e 6-8 meses (n = 112). O desenvolvimento global das crianças foi avaliado pelo Teste de
Denver II nos três grupos etários e o desenvolvimento motor foi avaliado pelo Test of Infant Motor
Performance no grupo de 2-4 meses e pela Alberta Infant Motor Scale nos grupos de 4-6 e 6-8
meses. A classificação dos desempenhos das crianças, considerando-se as idades cronológica e
corrigida, foi comparada por meio do Teste de McNemar. Resultados: Quando se considera a idade
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